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Abstract. We present the results of an analysis of the time

variability of the soft X-ray transient GRO 11719-24 (Nova

Oph 1993) as observed with BATSE. Our analysis covers the

entire _ 80 day outburst, beginning with the first detection

on September 25, 1993. We obtained power density spectra

(PDS) of the data in the 20-100 keV energy band covering the

frequency interval 0.002-0.488 Hz. The PDS show a significant
QPO peak whose centroid frequency increased from _- 0.04 Hz
at the onset of the outburst, to -,- 0.3 Hz at the end. Additional

noise is present in the PDS which we describe in terms of

two components. We find that :he evolution of the PDS can be

described as a gradual stretching by a factor -,- 7.5 in frequency

of the power spectrum.
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1. Introduction

During the last decade, the Burst And Transient Source Ex-

periment (BATSE) on board of the Compton Gamma Ray

Observatory, and the SIGMA telescope on board GRANAT
have discovered and monitored several X-ray transient

sources, e.g. GS 1124.68/NovaMus 1991 (Makino et al. 1991,
Lund & Brandt 1991), GRO J0422+34/Nova

Per 1992 (Paciesas et al. 1992). GRS 1009-45/Nova Vel 1993

(Lapshov, Sazonov, & Sunyaev 1993, Harmon et al. 1993a)
and GRO J1655-40/Nova Sco 1994 (Zhang et al. 1994).

Soft X-ray transients are characterized by a sudden increase

in X-ray luminosity, reaching a maximum X-ray brightness
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usually within a few days, and a subsequent decay of the X-

ray flux over a period of months. They are low-mass X-ray

binaries (LMXBs), and most of them are believed to con-
tain a stellar-mass black-hole as the compact object. So far,

six X-ray transients are dynamically proven black-hole can-

didates (BHCs) [A0620-00 (McClintock & Remillard 1986),
GS 2023+338 (Casares, Charles & Naylor 1992), GS 1124-

68 (Remillard, McClintock & Bailyn 1992), GRO J0422+32

(Orosz & Bailyn 1994),
GRO 11655-40 (Bailyn & Orosz 1995) and GS 2000+25

(Charles& Casares 1995)1. Several other transients are re-

garded as BHCs, based on the presence of a hard spectral

component in the > 20 keV range extending up to a few hun-
dred keV, with a typical photon index in the range 1.4-2.5
often considered to be the signature of an accreting black-

hole (Sunyaev et al. 1991, Tanaka & Lewin 1995; see how-

ever, van Paradijs & van der Klis 1994) and rapid X-ray vari-

ability similar to that seen in the dynamically proven BHCs

(van der Klis 1995a). In this letter we report on the temporal

analysis of data obtained with BATSE of the X-ray transient
GRO J1719-24.

2. Observations

GRO J1719-24 (- GRS 1716-249, Nova Oph 1993) was

detected independently with BATSE and the SIGMA tele-

scope on GRANAT on September 25, 1993 (Ballet et al. 1993,
Harmon et al. 1993b). The source reached a maximum flux of

--, 1.4 Crab (20-100 keV) on September 30. After the initial

rise the source brightness remained remarkably constant, with

an average flux decrease in the period October I - November 22,

1993 of only _ 15 % (Harmon et al. 1993c). From December 9

(day 75 of the outburst) the 20--100 keV flux ofGRO J1719-24

suddenly decreased within six days from 1. l - 0.1 to 0.4 = C._.;



EvanderHooftetal.:Low-frequencyQPOinGROJi7i9-24

Crab,andonDecember16-18it wentbelowtheBATSE30"
l-daydetectionlimit of0.1Crab(Harmon& Paciesas1993).
TheX-raylightcurve,basedonEarthoccultationmeasurements
(Harmonetal.1993d),is shownin Figure1.Afterthisout-
burst,GROI1719--24remainedundetectableforBATSEun-
til September1994,whenit wasdetectedwithbothSIGMA
(Churazovetal.1994)andBATSE(Harmonetal.1994).This

later period of activity is not discussed here.
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Fig. 1. Flux history of GRO J 1719-24 in the 20-100 keV energy band.
The first detection of the source was made on September25, 1993, and
it reached a maximum flux of --, t.4 Crab in six days. After 70 days

at a slowly decreasing, high flux level, the source exhibited a rapid
decrease of the flux and became undetectable by BATSE after 83 days.

3. Time series analysis

BATSE consists of eight identical detector modules, each with

a Large Area Detector (LAD) and a spectroscopy detector. The
LADs are oriented such that their normal vectors are perpendic-

ular to the faces of a regular octahedron; BATSE functions as

an all-sky monitor in the hard X-ray/gamma-ray energy band.
We have used 1.024 s time resolution count rate data from the

large area detectors (four broad energy channels) and applied

an empirical model (Rubinet al. 1995) to subtract the signal
due to the X-ray/gamma-ray background. This model describes

the background by a harmonic expansion in orbital phase (with

parameters determined from the observed background varia-
tions), and includes the risings and settings of the brightest

X-ray sources in the sky. It uses eight orbital harmonic terms,

and its parameters were updated every three hours.

For our analysis, we considered uninterrupted data segments
of 512 successive time bins (of 1.024 s each) on which we per-

formed Fast Fourier Transforms (FFTs) covering the frequency

interval 0.002-0.488 Hz. We obtained typically 35 of such seg-

ments per day while the source was above the Earth horizon.

For each data segment and for each of the eight detectors sep-

arately, we calculated and coherently summed the FFTs of the

20-50 and 50-100 keV energy channels. We used only those
detectors which had the source within 60 degrees of the normal;

their FFTs were weighted by the ratio of the source to the total

count rates again summed coherently and converted to Power

Density Spectra (PDS). The PDS were normalized such that the

power density is given in units of (rms/mean) 2 Hz- l (see e.g.
van der Klis 1995b) and finally averaged over an entire day.

The PDS show a significant peak, indicative of quasi-

periodic oscillations (QPO) in the time series. The centroid

frequency of this peak slowly shifts towards higher frequen-
cies; the centroid frequency of the QPO doubled from -,- 0.04
to ,,- 0.08 Hz during the rise to maximum flux, and then gradu-

ally increased to --, 0.3 Hz. The QPO are absent when the flux

starts rapidly decaying at day 75. The PDS rise below --- 0.01
Hz; this is unlikely to be caused by the source, since it also ap-

pears in the PDS obtained while GRO 11719-24 was occulted

by the Earth. Therefore, we excluded the frequency range below
0.01 Hz from the analysis.

Careful inspection of the PDS, ordered in a grey-scale coded

time sequence (see van der Hooft et al. 1995) revealed the pres-
ence of structure on each side of the QPO peak. The position of
these additional structures seemed to scale with the frequency

of the QPO. To further investigate this, we made fits to the

PDS using a combination of a power law and three Lorentzian

profiles. To improve statistics, we made fits to the average PDS
of 3 consecutive days, obtaining 23 3-day averaged PDS. The

model required 11 parameters (3 for each Lorentzian, 2 for the

power law) to be determined, which left 23 degrees of freedom
(the PDS were logarithmically rebinned to 34 frequency bins).

Reduced X 2 values of the fits were between 0.6 and 2.2. For
the fit to the 3-day averaged PDS starting at days 61 and 70 we

used a combination of a power law and two Lorentzian profiles

only, since the noise component at the highest frequency is no
longer well defined as it reaches the Nyquist frequency. The

centroid frequencies of the three Lorentzian profiles (vl, I,',-and

_'3, in order of increasing frequency), are strongly correlated

(see Figure 2).
Over a wide frequency interval, the centroid frequencies

of the QPO and the two noise components are consistent with

being linearly related. We applied fits of the form _'i - A + B _,j
(taking the errors in both _ and _,j into account, see e.g.
Press et al. 1992) to the data points, also shown in Fig. 2. The

parameters of these fits are tabulated in Table 1. A linear fit
offers a good description of the data, resulting in a reduced X 2

of 2.5 and 0.68 for the fits to (1,'1,_'2) and (v,, v3), respectively.

When extrapolated, both fits go through the origin, which in-
dicates that the frequencies indeed scale with a single factor.

Therefore, we attempted a second serie of fits, this time forced

to pass the origin by setting A = 0. This resulted also in accept-
able fits (shown as a dashed line in Fig. 2) and a more precise

determination of the slope. Based on this last series of fits, we

find that there is no significant difference between the frequency

ratios (_t/u:) and (u,./_'3); we can exclude that these ratios have

integer values.
This result led to the hypothesis that the PDS during the

outburst of GRO J1719-24 may be described with a single
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Fig. 2. Values of the centroid frequencies of the three Lorentzian

profiles, plotted versus each other. The left panel contains (vt, v2) and

covers day 4-72, the right panel contains (v2, v3) and covers day 4--60.

Also, a fit of the form v_ - A + B vj is shown, with its parameters listed

in Table 1. The dashed line represents the fit which is forced to pass

the origin.

Table 1. Parameters of fits shown in Fig. 2.
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Fig. 3. Nine-day averaged PDS (starting at days 4 and 52, respectively)

rescaled in frequency by such factors that the centroid frequency of

the QPO became equal to 0.1 Hz. The relative stretch factor of these

two spectra is 3.2.

(v),v_) -0.0t74.0.008 2.704.0.16 23 2.5

(vt, v3) -0.0364.0.04.2 6.134"0.91 19 1.2

(v2, v3) 0.0084.0.022 2.19±0.18 19 0.68

(vt, u2) 0.0 2.363 -4-0.041 23 2.6

(v_, v3) 0.0 5.40 4- 0.19 19 1.2

(v2, v3) 0.0 2.257 4- 0.048 19 0.64

a Indicates the number of data points.

characteristic profile whose frequency scale stretched propor-

tionally like an accordeon. To test this hypothesis, we scaled

each power spectrum in frequency by a factor such that the

centroid frequency v2 of the QPO peak became equal to 0.I

Hz. Two such frequency scaled PDS are shown in Figure 3. It

is evident that their shapes are very similar. The relative stretch

factor of these two spectra is as large as 3.2.

4. Discussion

Soon after the X-ray detection of GRO 11719-24, a possible

optical counter-

part was discovered (Della Valle, Mirabel & Rodriquez 1994),

whose photometric and spectroscopic properties suggest that

GRO .)'1719-24 is an LMXB. Since the orbital period and mass

function of the system are not yet determined, GRO It719-24

is still regarded as a BHC based on its hard energy spectrum

only.

Low-frequency (0.04.-0.8 Hz) QPO have been observed in

the BHCs Cyg X-l, LMC X-l, GX 339-4and GRO J0422+32

(van derKlis 1995a). These QPO were observed while the

sources were in their so-called low state, with the exception

ofLMC X-1 where a 0.08 Hz QPO was found while an ultra-

soft component dominated the energy spectrum, showing that

the source was in the high state. The large variation in QPO

frequency seen in this source gives support to the idea that all

low-frequency (_ I Hz) QPO in BHCs have the same origin.

It is important to mention that the intermediate frequency QPO

in GX 339-4 (6 Hz, Miyamoto et al. 1991) and GS 1124-68

(3-10 Hz, Miyamoto et al. 1993) occurred while these sources

were in the very high state.

In spite of the large range in frequency of the QPO, the

PDS of GRO J1719-24 obey a remarkable regularity; their

shape, after introducing a frequency scaling factor, does not

appear to change much. This is reminiscent of the time-

scale invariance of the type n burst profiles of the Rapid

Burster (Lewin et al. 1995), which harbours a neutron star

(Hofmann et al. 1978). If these phenomena are related, this

would imply that the mechanism responsible for the _ 1 Hz

QPO is not unique to BHCs.

Since the dynamical time scale in the inner region of a

disk surrounding a stellar-mass black hole is is in the mil-

lisecond range, the QPO in GRO J1719-24 may have an

origin further out in the disk. The inner regions of viscous

accretion disks surrounding black holes may suffer thermal-

viscous instabilities when radiation pressure is important

(Piran 1978). Chen &Taam (1994) have recently suggested

that low-frequency QPO (~ 0.04 Hz) in BHCs may be expli-

cable by such thermal-viscous instabilities. A general property

of this disk instability is that the frequency of the oscillatioa

is a function of :_'/'. Assuming a direct relation between source
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in.ensityandM, one would expect that the frequency increases

when the intensity decreases (Chert & Taam 1994). In GRO

J1719-24 the QPO frequency increased by a factor 7.5 while

the 20-100 keV flux decreased by only 20 %; it is not clear

whether such a large change in QPO frequency for such a small

change in 5/" can be explained by the thermal-viscous model.
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